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57] ABSTRACT

A method and apparatus for monitoring an output signal
from and modifying an mput signal to an audio/video system
1s disclosed. In one embodiment, the system response of said
audio/video system 1s determined. After having established

the system response, said input signal 1s modified according
to said system response such that said output signal 1s a
optimal reproduction of said input signal.

22 Claims, 5 Drawing Sheets

SEND A TEST TONE AND
A TEST VIDEO PATTERN

501

DETERMINE SYSTEM RESPONSE | 502
TO TEST TONE/TEST VIDEO
PATTERN AND SET UP A TRIGGER
EVENT

503
SET FILTER

MODIFY INPUT SIGNAL | 9504
WITH FILTER

NO

CALCULATE SYSTEM
RESPONSE

HAS
TRIGGER EVENT
OCCURRED




6,115,476

Sheet 1 of 5

Sep. 5, 2000

U.S. Patent

1N0y

110

Niy

GC

daXIN

NI

d(y4-7)
e

LG

d(y4+7)

NIV

0¢
H3ZI1vNo3
TYNOIS "4410
dlV a3xi

Q3 T1041NOD

(LIV J0OnRId)

v 1O

11NO4dI0
1O41LNOD

| IETR Y !
JINOSENS

bl

Ml BTEIRE
NOSENS

4!

e

H3ZITvNO3
TYNDIS 4410
OINVNAQ

d3ZATVNV
NNE103dS

d3Z1TvN04
TVNDIS
ANS DINVYNAQ

14




6,115,476

Sheet 2 of 5

Sep. 5, 2000

U.S. Patent

80¢ 1Nd1NO

HOSNJS
L0¢C

S30IAdd AV 1dSIC

[SHINVIS

90¢

d314IQOW/HOLINOW TVNDIS
dd111d
£0¢
ANIONS SISATVYNY
W3LSAS
¢0¢

d311INSNYHL H3AIFO03Y I
AV T

S1ININOdWOO

O3aiINOIanNy

G0¢

00¢_LNdNI
O3diAoIdny



U.S. Patent Sep. 5, 2000 Sheet 3 of 5 6,115,476

306
LEFT
SPEAKER

AUDIO SUBWOOFER 3
COMPONENT
304
VIDEO TV
COMPONENT 305

06
303 |SIGNAL MONITOR/ CENTER 306
MODIFIER SPEAKERS
302
‘ SENSOR
301

306

306

LEFT
SURROUND
SPEAKER

RIGHT
SURROUND
SPEAKER

FIG. 3



6,115,476

Sheet 4 of 5

Sep. 5, 2000

U.S. Patent

1NdNI O3dIA 0V
1AdNI OldNV £0F

187

1NdLNO
301A30 O3aIA
ININOJWOD O3QIA i =S
207
1Nd.LNO
INJINOJIWOD olany SHINYIS o_u,ooﬂ,q
0¥

] ] HOSNS
Oct

AdONWdN

1Nd1NO 1NdNI SS300V
bl WOQNYH

IN3W313 SN4

Ol

d0553004dd
A3%



U.S. Patent Sep. 5, 2000 Sheet 5 of 5 6,115,476

SEND A TEST TONE AND ] 901
A TEST VIDEO PATTERN

DETERMINE SYSTEM RESPONSE | 502
TO TEST TONE/TEST VIDEO

PATTERN AND SET UP A TRIGGER
EVENT

503
SET FILTER
MODIFY INPUT SIGNAL } 904
WITH FILTER
CALCULATE SYSTEM
RESPONSE

HAS
TRIGGER EVENT
OCCURRED

005

NO YES




6,115,476

1

ACTIVE DIGITAL AUDIO/VIDEO SIGNAL
MODIFICATION TO CORRECT FOR
PLAYBACK SYSTEM DEFICIENCIES

FIELD OF THE INVENTION

The present 1nvention relates to an apparatus which
monitors and modifies mput and output signals of an audio/
video system. The monitoring and modification of signals
compensate for imperfections in speakers, listening spaces
and other elements of an audio/video system.

BACKGROUND OF THE INVENTION

The quality of sound and video experienced in home
entertainment systems or other audiovisual systems today 1s
mostly determined by the quality of the components 1n the
final stage of the signal path: the speakers and the display
devices. These devices often are the main sources of infi-
delity 1n the audio/video reproduction. One reason 1s
because these devices are open-loop systems. In other
words, they do not have feedback mechanisms to compen-
sate for variations and limitations in the transducers
employed and the interaction of the transducers with the
environment. Another reason 1s that these final stage devices
commonly adhere to less stringent design specifications due
to the prohibitively lofty costs associated with building high
fidelity components.

Using high fidelity speakers as an 1llustration, an ideal
speaker driver contains a magnet/voice (motor) assembly
that perfectly converts an analog electrical signal into a
particular force. This force then generates specific mechani-
cal motion that quickly and accurately moves and stops the
speaker cone 1n order to reproduce the identically shaped
sound wave. Needless to say, in order to achieve such
complex conversion from electrical signals to such precise
mechanical motions, not only 1s much calibration most
likely required, but parts specifically constructed to create
particular amount of mechanical movements 1n the speakers
are also needed.

There have been attempts to improve the final sound and
video output quality. Some efforts focused on building even
better and more precise speakers or display devices. Other
efforts focused on generating sum and difference signals and
using such signals to produce enhanced stereo signals. Yet
other efforts focused on designing accurate equalizers where
a particular signal’s amplitudes within specific frequency
ranges are cither attenuated or boosted. Still others efforts
involve having a trained technician apply audio test signals
(i.e. tone bursts, sweep tones, white and pink noise, etc.) and
video test signals (i.e. crosshatch, color bars, arrays of dots,
etc.) to an audio/video equipment, compare the resulting
output with the expected output, and manually adjust the
audio/video equipment according to the comparison.

With the proliferation of high speed processors, real time
execution of many signal or 1mage processing algorithms 1s
now possible. Since readily available semiconductor memo-
ries and non-volatile storage devices are capable of storing
massive amount of data for long periods of time, the
algorithms can be employed even when a significant delay
exists between applying a signal to the mput of the system
and the effect of that signal on the output of the system. As
a result, an apparatus or a general purpose computer system
can deploy some of these signal or image processing tech-
niques to actively monitor and correct the input signals of an
audio/video system. When these mput signals are modified
to compensate for the shortcomings 1n both the intermediate
and final stages of audio/video reproduction, the resulting

10

15

20

25

30

35

40

45

50

55

60

65

2

audio/video output from inexpensive systems 1s capable of
rivaling the output from high fidelity, but costly, audio/video
systems.

SUMMARY OF THE INVENTION

A method and apparatus for monitoring an output signal
from and modifying an mput signal to an audio/video system
1s disclosed. In one embodiment, the system response of said
audio/video system 1s determined. After having established
the system response, said 1nput signal 1s modified according
to said system response such that said output signal 1s a
optimal reproduction of said input signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The present mvention 1s illustrated by way of example
and 1s not limited by the figures of the accompanying
drawings, in which like references indicate similar elements,
and 1n which:

FIG. 1 illustrates a block diagram of a prior art method for
dynamically enhancing sterco 1mages.

FIG. 2 illustrates a block diagram for the present mnven-
tion.

FIG. 3 1llustrates an example of how the present invention
can be used.

FIG. 4 illustrates the configuration of one embodiment of
the present mvention.

FIG. 5 1llustrates a flow chart of one embodiment of the
present 1vention.

DETAILED DESCRIPTION

A method and apparatus for monitoring and modifying
input and output signals of an audio/video system 1s dis-
closed. In the following description, specific details are set
forth such as trigger events 1n order to provide a thorough
understanding of the present invention. However, 1t will be
apparent to one of ordinary skill 1n the art that the invention
may be practiced without these particular details. In other
mstances, well known elements such as discrete Fourier
Transform, Fast Fourier Transform, convolution, frequency
domain, time domain and linear time-invariant systems have
not been explained i special details in order to avoid
unnecessarily obscure the present invention.

FIG. 1 illustrates a block diagram of Klayman’s (U.S. Pat.
No. 4,748,669, 1ssued on May 31, 1988, column 7, lines
5-7) method and apparatus for providing for dynamic equal-
ization of the sum and difference of left and right stereo
signals to achieve a wider stereo 1image and a wider listening
arca. Furthermore, a dynamic difference signal equalizer 19,
a fixed difference signal equalizer 18, and a gain controlled
amplifier 22 cooperate to selectively alter or modify the
relative amplitudes of the difference signal frequency com-
ponents (also referred to herein as “components” or
“frequencies™) to provide a processed difference signal
(L-R), (Klayman, column 7, lines 12-18). A similar method
is applied to provide a processed sum signal (L+R),
(Klayman, column 7, lines 18-22).

FIG. 2 demonstrates a block diagram of the present
invention. Instead of focusing on summing and subtracting
the left and right channels of an audio system, the present
invention covers all audio/video channels of an audio/video
system and adaptively modifies appropriate mput signals to
the audio/video system to compensate for any playback
deficiencies. These deficiencies may be in the frequency
domain of the audio output, or in the geometry, luminance
or color of the video output. FIG. 2 1s described in more
detail below.
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Another unique feature of the present invention 1s 1its
active monitoring and modification scheme. Unlike Klay-
man’s methods of modifying an output signal prior to
playing back the signal, such as attenuating or boosting
signal amplitudes at certain frequencies or {iltering out
output signal within certain frequency, the 1nvention at hand
modifies mput signals. In particular, the present mmvention
monitors the system characteristics of an audio/video sys-
tem. When appropriate, the audio/video system’s 1nput
signals are altered to adapt to the corresponding system
characteristics. Consequently, as long as the system response
1s well-characterized, even an inexpensive set of audio/video
equipment 1s capable of producing excellent quality audio/

video output.

FIG. 3 1illustrates a home theater setting i which the
present invention 1s used. In one embodiment, feedback
sensor 301, consisting of a video camera and one or more
microphones, monitors the audio/video output from the
listeners/viewers” 302 perspective. Signal monitor/modifier
303 then compares the recorded output signal to the input
signal of audio/video components 304, while taking into
account the time delay inherent in the signal’s transversal of
the system. In particular, the substantial delay i1n the video
signal requires special attention. This delay 1s caused by the
transformation of video information from a one-dimensional
fime-varying signal to a two-dimensional display. In order to
overcome the delay, monitor/modifier 303 must therefore
have high speed storage capabilities to store tens of milli-
seconds worth of original input video signal for its com-
parison step. Similarly, the audio delay between speakers
306 and listeners/viewers 302s” also demands high speed
storage capabilities 1n monitor/modifier 303. After the out-
put signal 1s compared to the input signal, when appropriate,
signal monitor/modifier 303 alters the input signal of audio/

video components 304 and result in improved visual 1mages
on TV 305 and sound from speakers 306.

It should be noted that FIG. 2 1llustrates the block diagram
of the present invention having been implemented or pro-
crammed 1n an apparatus or a general purpose computer
system. Such an apparatus or a computer system architecture
for one embodiment of the present invention 1s further

1llustrated 1n FIG. 4.

Referring to FIG. 4, the system architecture comprises a
bus element 410 for communicating information, a proces-
sor 412 coupled with said bus element 410 for processing
information, a random access memory 414 coupled with
saild bus element 410 for storing static information and
instructions for said processor 412, an 1nput device 416
coupled to said bus eclement 410 for receiving external
information into said apparatus or said general purpose
computer system such as audio mnput 403, video mput 404,
audio output 405, video output 406 and sensor 420, and an
output device 418 coupled to said bus element 410 for
communicating processed information to systems external
to said apparatus or said general purpose computer system
such as audio component 401 and video component 402. It
should be further noted that sensor 420 can either be separate
audio/video sensors 1n different housings or one combined
sensor capable of detecting both audio/video 1 one housing.
Sensor 420 can also be part of mnput device 416.

Audio component 401 typically consists of a pre-
amplifier, a decoder and an amplifier. After the decoder
separates out the distinct signals for different channels (i.e.
left, right, center, left surround, and right surround), the
amplifier drives these electrical signals to their correspond-
ing speakers. Speakers then convert the electrical signal to
appropriate mechanical motion and produce audio output
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405. On the other hand, video component 402 often 1s a
video buffer/switch subsystem of an audio/video receiver or
a video-1nput subsystem of a display device. Video input 404
contains signals from sources such as a video cassette player,
a Laser Disc player or a DVD player and feeds into input
device 416. After having performed the necessary process-
ing on the received video information, output 418 transmits
the modified signal or commands to video component 402.
When display device receives the output from video com-
ponent 402, the device then plays back video output 406.

OPERATION OF THE PRESENT INVENTION

The current mvention 1s a method and apparatus for
monitoring an output signal and modifying an input signal of
an audio/video system. One aspect of the invention makes
use of digital signal processing principles. Briefly, when a
signal 1s operating 1n the time domain, its amplitude 1is
represented as a function of time. A time domain system
response can be characterized by a system’s response to an
impulse mnput of infinitesimal duration and unit amplitude.
On the other hand, the frequency domain relates the time
domain by well-known mathematically relationships such as
the Fourier Transforms and the like. Furthermore, by mod-
cling a home theater system as depicted 1n FIG. 3 as a linear
fime-mnvariant system, an audio/video component’s system
response 1n the time domain can convolute with another
component’s to formulate a combined system response for
both components. With the linear time-invariance
assumption, since convolution 1n the time domain directly
translates to the multiplication 1n the frequency domain, the
overall system response of two separate components 1n the
frequency domain can thus be determined by multiplying
one component’s system response by the other.

One embodiment of the invention 1s a general purpose
computer system containing various components as 1llus-
trated 1n FIG. 2. Generally, receiver 201 1n the computer
system 1ntercepts audio/video imnput signal 200 before the
signal reaches audio/video components 205. At the same
time, receiver 201 also receives audio/video output signal
208 from sensor 207 which captures the signal from
speakers/display devices 206. Both audio/video 1nput signal
200 and output signal 208 are fed into system analysis
engine 202, where the signals’ frequency responses both in
terms of amplitude and delay are calculated using well-
known algorithms such as discrete Fourier Transform com-
putation algorithms.

In addition to determining frequency responses, system
analysis engine 202 also calculates information such as
display device 206°’s geometric distortions, overscan or
underscan, and sound delay from speakers 206 to sensor
207. Based on the computed frequency responses and other
system characteristics, engine 202 proceeds to formulate the
combined system response comprising the system responses
for audio/video components 205, speakers/display devices
206 and sensor 207. Once the overall system response 1s
established, filter 203 equals to the mverse of the system
response.

It should be noted that the response of sensor 207 1s most
likely known or predetermined prior to establishing the
combined system response. Additionally, since modeling a
home theater system as a linear time-invariant system 1s a
mere approximation, engine 202 also utilizes methods other
than the aforementioned digital signal processing techniques
to determine the system response. For example, engine 202
may perform a pixel by pixel comparison between the output
of sensor 207 and the expected values from 1nput 200. Any
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discrepancy resulting from the comparison of various pixel
attributes, such as pixel coordinates, color or luminosity
values, formulates system responses corresponding to each
of these attributes. If these system responses introduce
geometric, color and luminosity distortions to the system,
filter 203 then attempts to reverse such distortions.

After having determined filter 203, audio/video mnput 200
1s modified by filter 203, and the modified signal is sent to
transmitter 204 for transmission to audio/video components
205. In an alternative embodiment of the present invention,
transmitter 204 sometimes transmits commands, instead of
the modified signal, to audio/video components 2035.
Specifically, these commands prompt necessary
adjustments, such as tone, saturation or balance 1n audio/
video components 205 to generate an output which models
the output derived from the modified signal. In addition,
these described adjustments can be performed either by
audio/video components 205 automatically or by the user
manually. In one embodiment employing manual
adjustments, signal monitor/modifier has a command dis-
play that directs the user to modity the audio/video compo-
nents’ settings and configurations

Because the modified signal has adapted to the overall
system response, the new output 208 derived from the
modified signal becomes the optimal reproduction of the
original audio/video mput 200. The following mathematical
equations will further clarify the relationships among the
components 1n FIG. 2:

Assume audio/video components 205, speakers/display
devices 206 and sensor 207 are all linear time-invariant
systems.

Frequency response of audio/video input 200 1s denoted
as 1.

Frequency response of output signal 208 1s denoted as O.

System response of audio/video components 205 1s
denoted as H;.

System response of speakers/display devices 206 1s
denoted as H.,.

System response of sensor 207 1s denoted as H.

Frequency response of filter 203 1s denoted as F.
Equation 1: Overall system response 1s the multiplication of

H,, H, and H; (or H,*H,*H,).
Equation 2: The signal which transmitter 204 sends to
audio/video components 205 1s I*F.
Equation 3: Overall system response i1s also =O/(I*F) or
H,*H,*H; as in Equation 1.
Equation 4: The goal 1s to achieve O=I.

Since O/(I*F)=H,*H,*H,, and

if F=1/(H,*H,*H,), then O=I.

On the other hand, even without the linear time-
Invariance assumption, a different set of equations can also

describe the relationships among the same components as
indicated above.

audio/video mput 200 1s denoted as 1.

output signal 208 1s denoted as o.

System response of audio/video components 205 1s
denoted as h;.

System response of speakers/display devices 206 1s
denoted as h.,.

System response of sensor 207 1s denoted as h,.
filter 203 is denoted as f*.
Overall system response 1s a function of h,, h, and h;, or
f(h,, h,, h,).
Equation 1: o=applying f(h,, h,, h;) to 1.
Equation 2: The goal 1s to achieve o=1.
Thus, filter 203 should represent the inverse of the overall
system response or f'(h,, h,, hy).
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One method 1n correcting for geometric distortion or
finding the f'(h,, h,, h.) in a display system consists of the
following steps: 1) identify a key feature in a test signal; 2)
enhance the key feature; 3) feed the test signal through the
system; 4) compare the test signal to the output which
corresponds to the test signal; 5) identify the pre-identified
key feature in the output; 6) compare the placement of the
key feature in both the test signal and the output; 7)
determine any discrepancy between the two placements; &)
using the key feature as a reference point, calculate any other
pixels’ misplacements; 9) formulate f* (h,, h,, h;) which
undoes the errors. It should be noted that similar steps can
also apply to color or luminosity distortions.

As has been demonstrated 1n the above equations and
descriptions, when an input signal 1s modified appropriately,
the corresponding output signal can be the same as the 1input
signal.

FIG. 5 further describes one embodiment of the present
invention 1in a flow chart. In step 501, a test signal 1s 1mnitially
sent 1nto audio/video components 205. Once receiver 201
receives the corresponding output 208, system analysis
engine 202 divides the frequency response of output 208 by
the frequency response of the test signal and establishes the
overall system response 1n step 502. Additionally, a trigger
event 1s determined and activated at this stage. When the
trigger event occurs 1n step 506, filter 203 1s adapted to the
inverse of the system response computed immediately prior
to the occurrence of the trigger event. Some examples of a
trigger event are the elapse of predetermined period of time
or the happening of pre-determined events. For instance,
filter 203 can adapt to a newly computed system response
whenever a particular period of time elapses or whenever
amplitudes at certain frequencies exceed pre-determined
thresholds.

It should be noted, however, the initial system response
derivation from test signals 1n 501 1s not limited to a single
iteration. Rather, an iterative process using sequences of test
signals to calculate the system response can also be used.
Moreover, the mechanism of a trigger event 1s not limited to
the above description. The sequence and the manner of
establishing and activating a trigger event needs not follow
the precise sequence and manner that the above discussion
has detailed.

After the trigger event 1s established, filter 203 1s set to the
inverse of the mitial system response derived from the test
signal 1n step 503. In step 504, subsequent input signals are
modified by multiplying the frequency response of input
signals to the frequency response of filter 203. Such modi-
fication corresponds to Equation 2 from the previous dis-
cussions. With new 1nput signals 200, new system responses
are calculated 1n step 505. If the trigger event has not
occurred 1 step 506, filter 203 remains unchanged and
continues to modily incoming signals 200.

Although only components 205, 206 and 207 have been
identified and described 1n the signal reproduction path,
other components can be added to further mimic the overall
system behavior. Such components may be 1dentified in the
calibration stages and included to further improve the
present invention’s effectiveness. Moreover, certain features
of the present invention can be part of the audio/video
components 205 or any other appropriate components. No
specific requirements for maintaining all the discussed fea-
tures within an apparatus or a general purpose computer 1s
intended.

Thus, a method and process for monitoring and modifying
input and output signals of an audio/video system has been
disclosed. Although the present invention has been
described particularly with reference to the figures, 1t will be
apparent to one of the ordinary skill in the art that the present
invention may appear 1n any of a number of audio/video
signal monitoring and modification systems. It 1s contem-
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plated that many changes and modifications may be made by
one of ordinary skill in the art without departing from the
spirit and scope of the present invention.

What 1s claimed 1s:

1. A method for monitoring an output signal from and
modifying an input signal to an audio/video system, the
method comprising:

dynamically determining a system response of said audio/
video system;

modifying said input signal according to said system
response by applying the inverse of said system
response to said input signal such that said output
signal 1s an optimal reproduction of said input signal;
and

alter a trigger event has occurred, applying the inverse of
a subsequent system response derived immediately
prior to said trigger event to mput signals immediately
subsequent to said trigger event.

2. The method according to claim 1, wherein determining
the system response comprises the use of a well-
characterized audio/video sensor.

3. The method according to claim 1, wherein determining
the system response comprises calculating said system
response using frequency responses of said input signal and
said output signal.

4. The method according to claim 3 further comprising:

calculating an initial system response using the frequency

responses ol said output signal and a test signal as said
input signal; and

calculating subsequent system responses using frequency
responses ol said input signal to and said output signal
from said audio/video system.

5. The method according to claim 1, wherein modifying
sald 1nput signal comprises multiplying a frequency
response of said input signal by the mverse of said system
response.

6. The method according to claim 5 further comprising;:

initially multiplying a frequency response of said input

signal by the 1mnverse of said system response of the test
signal; and

after a trigger event has occurred, multiplying a subse-

quent frequency response of said input signal by the
mverse of said subsequent system response derived
immediately prior to said trigger event.

7. The method according to claim 1, wherein determining
the system response further comprises:

calculating an 1nitial system response using a test signal as
said mput signal; and
calculating said system response by comparing said out-
put from said audio/video system to said test signal.
8. An apparatus for monitoring an output signal from and
modifying an input signal to an audio/video system, com-
Prising;:
means for dynamically determining a system response of
said audio/video system;

means for moditying said mput signal according to said
system response by applying the inverse of said system
response to said input signal such that said output
signal 1s an optimal reproduction of said input signal;
and

alter a trigger event has occurred, means for applying the
inverse of a subsequent system response derived imme-
diately prior to said trigger event to input signals
immediately subsequent to said trigger event.

9. The apparatus according to claim 8, wherein said means
for determining the system response includes means for
calculating said system response using frequency responses
of said 1nput signal and said output signal.
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10. The apparatus according to claim 9, wherein said
means for determining the system response further com-
Prises:

means for calculating an 1nitial system response using the

frequency responses of said output signal and a test
signal as said mput signal; and

means for calculating subsequent system responses using,

frequency responses of said input signal to and said
output signal from said audio/video system.

11. The apparatus according to claim 8, wherein said
means for modifying said input signal according to said
system response includes means for multiplying a frequency
response of said input signal by the inverse of said system
response.

12. The apparatus according to claim 10, wherein means
for modifying said mnput signal according to said system
response 1ncludes:

means for mitially multiplying a frequency response of
said mput signal by the inverse of said system response
of the test signal; and

after a trigger event has occurred, means for multiplying,
a subsequent frequency response of said input signal by
the 1mverse of said subsequent system response derived
immediately prior to said trigger event.
13. The apparatus according to claim 8, wherein said
means for determining the system response includes:

means for calculating the imitial said system response
using a test signal as said mput signal; and

means for calculating said system response by comparing,
said output from said audio/video system to said test
signal.

14. An apparatus for monitoring an output signal from and
modifying an input signal to an audio/video system, com-
prising:

a Processor;

Mmemory;

a well-characterized sensor;

a receiver to receive said input signal and said output
signal;
a transmitter to transmit a modified input signal;

a system analysis engine to dynamically determine a
system response of said audio/video system; and

a filter to modity said input signal according to said
system response such that said output signal 1s an
optimal reproduction of said input signal, said filter 1s
mnitially equal to the mverse of said system response,
and, after a trigger event has occurred, said filter 1s
equal to an 1nverse of a subsequent system response
derived immediately prior to said trigger event.

15. The apparatus according to claim 14, wherein said
system analysis engine calculates frequency responses of
said mput signal and said output signal.

16. The apparatus according to claim 15, wherein said
system analysis engine:

calculates an 1mitial system response using the frequency
responses ol said output signal and a test signal as said
input signal; and

calculates subsequent system responses using frequency
responses of said 1nput signal to and said output signal
from said audio/video system.

17. The apparatus according to claim 14, wherein said

filter equals to the inverse of said system response.
18. The apparatus according to claim 16, wherein said

filter:

initially equals to the inverse of said test signal’s system
response; and

after a trigger event has occurred, the filter equals to an
inverse of a subsequent system response derived imme-
diately prior to said trigger event.
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19. The apparatus according to claim 14, wherein said
system analysis engine:

calculates the initial said system response using a test
signal as said input signal; and

calculates said system response by comparing said output >

from said audio/video system to said test signal.

20. The method of claim 1 wherein said system response
1s the sum of a system response of audio/video components,
a system response of speaker/display devices, and a system
response of a sensor.

10

21. The apparatus of claim 8 wherem said system
response 1s the sum of a system response of audio/video
components, a system response of speaker/display devices,
and a system response of a sensor.

22. The apparatus of claam 14 wheremn said system
response 1s the sum of a system response of audio/video
components, a system response of speaker/display devices,
and a system response of the sensor.
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